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5-R?C!H RAM-JET-TYPE  COMBUSTOR 

B y  Thaine W. Reynolds and Robert D. Ingebo 

ConibustLon-efficiency data have been obtained fo r  8 5-inch-diameter 
conibustor employing a straight V-gutter flame holder and a simple cone 
flame holder. The data obtained cover a range of W e t  static  pressures, 
temperatures, and velocities f o r  Tour fuels.  
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The data have been sham to correlate  with the M e t  flow variakles 
of static  pressure P, temperature T, and velocity V by the  empirical 
parameter P0.3T/V0.8 a n d . d s o  wlth fuel  variations by m e a s s  of a funda- 
mental f lame-speed relation. 

d 

It has also been shown that  the data are in agreement with a mech- 
anism based on the concept that the r a t e  of flame propagation through the 
unburned mixture is a function of the fundamental flame speed. 

INTRODUCTION 

The combustion process in a ram-jet engfne o r  other  engines  requiring 
a similar high-speed combustion process may be considered t o  be a stepwise 
process where (1) the  liquid fuel is sprayed into  the  high-velocity 
stream, (2) the  spray disintegrates into a myriad of drops, (3) the drops 
vaporize, (4) the fue l  mixes with the air stream t o  form a combustible 
mixture, (5) the mFxture is  ignited, and ( 6 )  the flame spreads  through 
the unburned mixture. An attempt to  evaluate  the importance of any one 
of these  steps in controlling the r a t e  of the over-all  process is obvi- 
ously di f f icu l t  in a system i n  which all the  steps vary simultaneously. 

It is possible t o  treat, analytically and experimentally,  the  prepa- 
ration of the  fuel la i r  mixture (steps 1 t q  4) separately from the com- 
bustion  steps, and t o  evaluate  the  effects of various  conditions of inlet 
static  pressure, temperature, alnd velocity on the  fuel-air mixture param- 
eters.  

. 
0 '  

Also, it is possible t o  investigate  the combustion process  separately 
from the  fuel  preparation by the use of homogeneous fuel-air  mixtures. 
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Such an experimentally idealized system does not  necessarily  represent a 
practical  ram-jet-type combustor, but w i l l  contribute t o  a better under- 
standing of hfgh-speed ccanbustion processes  for such an application. In 
a pract-lcal application,  carburetion features can  seldom be so simplified 
as they me  herein for  study purposes. 

Several  investigations have been carried  out on the  effect of mixture 
parameters on the  s tabi l i ty  of flame-holding  elements In homogeneous fuel- 
air mixtures  (references 1 t o  3). The object of the  present  investigation 
carried  out a t  the N M A  Lewis laboratory was t o  determine the  effect  of 
inlet s t a t i c  pressure,  temperature,  velocity, and fuel-air   ra t io  on the 
cambustion efficiency of a ram-jet-type combustor with homogeneous fuel- 
air mixtures. 

A second. objective W&B to  investigate the effect  of flame speed on 
the cambustion efficiency by the use of different fuels. Thus, this 
report F s .  concerned mainly w i t h  flame propagation as dist inct  from flame 
s t ab i l i t y  as reported  for similar i d e d i z e d   c d u s t i o n  equipment in ref- 
erences 1 to 3. 

No attempt was made t o  design a combustor  which would be particularly 
efficient.ud.er eny specified  set of operating  conditions,  but rather two 
flame holders were selected which would operate  stably over a wide range 
of conditions and which  would be representative of flame holders i n  common 
use. 

This report  presents  the  results of conibustion-efficiency measure- 
ments of two flame holders and four fuels over a range of i n l e t   s t a t i c  
pressures,  temperstures,  velocities, and Fuel-air  ratios. A correlation 
of the h t a  is presented and a proposed mechanism fo r  the propagation is 
discuesed. 
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The following symbols are used Fn this report: 

area, sq f t  

flame area per  unit volume of m i x t u r e ,  f t - l  

arbitrary  constant 

characteristic  di-ter, f t  

constant 

conibutor length, f t  
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. mass a i r  flow, Ib/sec 

inlet   s ta t ic   pressure,  atm 

Reynolds  number, dVp/p 

in le t  m i x t u r e  temperature, OR 

inlet temperature  before f’uel introduction, “R 

fundamental  flame  speed of fuel-air  mixture, f t /sec 

in l e t  m i x t u r e  velocity,  ft/sec 

combustion efficiency,  percent 

viscosity,  Ib-ft/sec 

density,  D/cu f t  

function 

Subscripts: 

C conibustor 

f flame 

f ,g flame, gasoline 

U unburned mixture 

Superscripts : 

a exponent 

b exponent 

A schematic layout of the cambustor and piping used. i n ,  this Investi- 
gation is sham Fn figure 1. The combustor was a jacketed  section of 
5-inch  standard  pipe. The over-all length from the flame holder  to..the 
exi t  quench spray  location was 36 inches. The flame holder used for most 
of the  data was a 1Linch wide s t ra ight  V-gutter of approximately 45’ 

2 
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included  angle and blocked  about 38 percent of the combustor cross- 
sectional  area.  Ignition was accomplished by  introducing a hydrogen- 
oxygen. p i lo t  flame behind the flame holder a t  either end. The p i lo t  was 
turned off after the  burner w a s  ignited. A cone flame holder was used a 

i n  part  of the investigation; it consisted of a 60° cone with two small 
gutters  extending  to  the wall f o r  support and blocked  about 40 percent 
of the c d u s t o r  cross-sectional area. A variabxe-area exhaust nozzle, 
manually controlled, was used to  control the burner  pressure. 

3 

The procedure uskd to  obtaln the tes t   data  was t o   s e t  the mass air  
flow and air temperature a t  predetermined  values. The air temperature 
had t o  be se t  at about 50' F above the  desired W e t  mixture temperature 
t o  allow  for temperature drop due' t o  vapor izatian of the fuel. Then, 
after  the burner was ignited and the  desired  fuel flow established,  the 
in l e t   s t a t i c  pressure was s e t  by  controlling  the  exhaust-nozzle  area. 
Quench water -8 sprayed into  the exhaust stream at  the  exit  of the com- 
bustor  to  bring  the gas  temperature dam t o  about 5OO0 F . The conibustion 
efficiency was calculated by an enthalpy  balance.  spot checks by  gas 
analysis of the exhaust stream &ave combustion-efficiency measurements 
that agreed  within 2 percent w i t h  the heat-balance calculations. 

With t h i s  procedure, data were taken over the  following range of 
conibustor inlet conditions: s t a t i c  pressure, 1/2 t o  2 atmospheres; mix- 
ture temperature, looo t o  300° F; and velocity, 170 t o  300 f ee t  per  sec- 
ond. 

Lu 

(0 
Lu 

IiESULTS AND DISCUSSION 

A s- of the data on the V-gutter is given in tables I &d 13. 
Plots of the  cmbustion  efficiency  against  the fuel-air ratio  for  several  
of the data conditions  given in  tables I and I1 are sham in figures 2 
and 3. It is evident from these  plots that over the range of conditions 
studied, for both  gasoline and isopentane, the ccmibustion efficiency was 
essentially independent of the fuel-air ratio.  This effect  was unex- 
pected inasmuch as most data reported have a peak in the curve of  cambus- 
tion  efficiency  plotted  agalnst  fuel-air  ratio. The data of this report, 
however, axe for  homogeneous fuel-air  mixtures, cover only a limited 
range of fuel-air   ratios,  and, further, do not have variations of W e t  
conditions  with fuel-air  ratio since a variable-mea  exit nozzle was 
used t o  maintain constant inlet conditions. Even so, tt m i g h t  be 
expected that the flame would propagate more rapidly through  near- 
stoichiometric  mixtures than it would thrcugh leaner o r  richer  mixtures 
giving a higher combustion efficiency at near-stoichiometric  mixtures. 
It is the case, however, tha t  even though the inlet velocities may be  the 
same fo r  two fuel-air  ratio  conditions,  the  residence time for  the  fuel-  
air m i x t u r e  in the combustion m e r  will be less for  the h i ae r  
temperature-rise  condition. The resulting  residence-time  propagation- 
ra te  product must be  approximately the same for  the range of fuel-air & 

rat ios encountered in this investigation. 

. 
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n Table III contains a summry of the  data  plotted in figures 2 and 3 
at a fuel-air   ra t io  of about stoichiometric. It w a s  desired to f i t  these 
data t o  a cmon  correlating  equation if possible. It was found that  the 

the inlet parameters in the range of conit?ustion efficiencies covered in  
this  investigation.  Figures 4, 5, and 6 ,  respectively, show plots of 
conibustion efficiency against static  pressure, temperature, and velocity 
on log-log  scale. E an average slope  for  the lines on each of the 
three figures is taken,  then  the  canbustion  efficiency may be expressed 
by the  relation 

- conibustion efficiency could  be  expressed as a simple power function of 

N a 
I+ co 

A plot of all the  data in table III is shown in figure 7. In t h i s  
figure, combustion efficiency is plotted  against  the  empirically  derived 
parameter above. It is evident frm th is   p lo t   tha t  a l l  the conibustion- 
efficiency data on the 5-inch conibustor with  the  V-gutter flame holder 
over the range of conditions covered can be expressed  by  the  equation 

e 

where is expressed' in percent , P in atmospheres, T i n  degrees 
Rankine, and V in feet  per second, within an average deviation of less 
than 3 percent in  conibustion efficiency. Although an extension of the 
equation would predict. 100 percent combustion eff ic iency  a t  o r  above some 
value of the  correlating parameter, the exponents of the parameter do not 
apply a t  efficiencies much higher  than  those  encountered in this  experi- 
mental work. Hence an extrapolation of the parameter would not  be justi- 
f iable  a t  higher  efficiencies. This point w i l l  be discussed l a t e r  on in 
this  section. Frm some data available in the  l i terature  on a similar 
system (homogeneous pentane-air  mixtures i n  a 2-in. burner)  (reference e ) ,  
the parameter w a s  shown to  correlate  when extended a t  the l o w e r  efficiency 
range. These data (table IV) cover a static  pressure range of 0.133 to 
2.9 atmospheres, or greater  than 20 to 1. These data are a l s o  shown in 
figure 7. The fact   that   the   data  f a l l  on a straight l i ne  is significant; 
that th is  line is the same straight  line  as  for  the  5-inch combustor 
data is. coincidental,  since  these  data were obtained in  a different com- 
bustor  configuration. 

To see whether this correlation parameter would apply t o  another 
type of flame holder,  conibustion-efficiency  data were taken over a range 
of combustor-inlet  conditions  with  the cone flame holder. These data  are 
shown in table V and are plotted in figure 8. Although the conibustion 
efficiency  against  fuel-air r a t i o  curves are not f la t  as was the curve 
with  the  V-gutter flame holder, a comparison is made with  the  previously 
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derived parsmeter a t  the  stoichiometric fuel-air condition. These data 
are shown i n  table V I  and are  plotted i n  figure 9. The agreement w i t h  

. the cone flame holder,  although not as good as with  the  V-gutter flame 
holder, is reasonable. 

The foregoing resu l t s   a re . in  accord with a suggested mechanism  of 
the combustion process  based on the fundamental flame speed of the mix- 
ture. An instantaneous  cross-sectional view of the flame i n  the com- 
bus to r  is pictured in figure 10. It is supposed that as  the flame propa- 
gates into  the unburned mixture of fuel snd sir, turbulence  existing in 
the combustor causes isolated volms of mixture t o  form. The t o t a l  
flame area is increased by the  high  degree of turbulence, and the flame 
propagates- through these isolated volumes at  the fundamental flame speed 
of the mixture. 

The combustion efficiency may be expressed as follows: 

The numerator represents  the mass of combustible consumed by the flame . 
per unit time; the denominator represents the mass flowing through the 

combustor per unit time. Since + 3' ap dV = 

t ion (1) can be written i n  differential  f o m  as 

i 

Jo dq = PUAC" 

It can be assumed that  the flame area  per  unit volume of mixture 
af Fs a function of both Reynolds number (which is  an Sndex  of the 
turbulent-flow  pattern) and uf/V (which determines the change In flame 
area per unit volume as the mixture flows through the conibustor); that  is, 

%e = cp' (Re, 7) 
Then, equation (2)  m y  be expressed as 

A 
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r The assumption was made (as found in  reference 5) that  the dependence 
of flame area on the Reynolds number is 

It should  be  noted that in reference 5 only diameter and velocity terms 
were varied in obtaining the Reynolds nunher dependence. Nevertheless, 
t h i s  Reynolds  nmiber  dependence i s  assumed . to  hold f o r  variations in 
density and viscosity, also in the development following. 

The expression is further  simplified by assuming that  the  function, 
(p' (q/V) can be  expressed in the form ( ~ f / v ) ~ .  When this  assumption is 
applied,  equations (4) and (5) become 

b 
= c Rea (Tr LC = K Rea (;) 

The Heynolds nurtiber can be  expressed in terms of the in l e t  parameters - f o r  t h i s  study by the  following  transformation : 

Re = dVp/p 

But p is propcrtional  to PIT1, and in   the temperature  range investi- 
gated, p is proportional  to @ '7 5 theref  ore,  the Reynolds nuniber varia- 
t ion is proportional. . to  PV/!$-.7. Flame velocity f o r  isooctane (assumed 
representative as t o  temperature variation for the  gasoline used in th i s  
investigation) has been found t o  be proportional t o  Sm4 in the range 
of i n l e t  temperatures under consideration  (reference 6 ) .  The dependence 
of flame speed on pressure is subJect t o  questton. A survey of the lit- 
erature  indicates smewhat conflicting  results,  with uf depending on 
pressure from small-positive,  zero, t o  small-negative exponents.  Since 
the dependence is uncertain,  herein 9 is assumed independent of s t a t i c  
pressure.  Equation (6) can then  be  expressed 

Values of a = 0.3 asd b = 1.1 reduce th i s  expression t o  
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This parameter is essentially  identical  to  the  empirically  derived one. 
The exponent a = 0.3 is close  to.the  value of 0.24 found in refer- 
ence 5. 

To further check on the  possible va.lidity of t h i s  propagation mecha- 
nism and to  investigate  the  applicability of the flame-speed term, two 
additional  fuels were investigated w h i c h  had fundamental flame speed8 
higher than tha t  for  gasoline. These were benzene, with 9 of about 
12  percent  greater  than gasoline, and propylene  oxide, w i t h  uf of about N 

60 percent  greater than gasoline  (reference 7 ) .  -8 
N 

These two fuels were run at two se t s  of condit-ions: P = 2/3 atmos- 
phere, T = 200° F, V = 285 feet   per second; and P = 2/3 atmosphere, 
T = 200° F, V = 185 feet  per second. Propylene  oxide was also run at  an 
i n l e t   s t a t i c  pressure of 1/3 atmosphere. The results are shown in  
tables V I 1  and VI11 and are plotted Fn figure U. A comparison of these 
fuels with  the gasoline curve of figure 7 a t  an equivalence ra t io  of 1.0 
is sham In figure 1 2 .  On this figure, the P, T, and V parameter for 
the benzene and prapylene  oxide points have been multiplied  by the rat ios  
of the flame speeds raised  to  the 1.1' power as equation (7)  shared t o  be 
required  (see  table IX) . Figure 12  indicates that the performance of 
these  three  fuels is correlated  by the cmmon line,  a fac t  which lade 
support to  the assumed  combustion  mechanism. 

6. 

* 

As was mentioned.previously, it was not anticipated  that  the 
straight-line  correlation would hold much beyond the  efficiency range of 
&out 80 percent covered in this  investigation. This limitation of the 
correlation is  evident a lso  in the  higher  efficiency  point  for the 
propylene  oxide. A possible  explanation for t h i s  limitation of the  cor- 
relation is as follows: a schematic i l lus t ra t ion  of an instantaneous 
flame zone is sham i n  f fgure 10. When conditions  are such that the 
flame is spreading outward toward the wall at  such a ra te  that the  outer 
flame envelope is approaching or touching the wall at the downstream  end 
of the combustor, any  change in  conditions tending toward higher  cm- 
bustion  efficiencies would not l ikely cause the same relative  effect  on 
the canbust ion efficiency  as occurs in the lower efficiency range. As 
the flame approaches the wall, the  cooling and quenching effect of the 
w a l l  comes into play and the mechiriism governing propagation and, there- 
fore, any correlation of performance data,  are, of course,  appreciably 
modified. Proof of t h i s  is sham by some curves of combustion efficiency 
plotted against combustor length  presented in reference 8. The general 
shapes of the curves are as shown in figure 13( a). The data for  these 
curves were for a  constant-mea exhaust and, hence, any reduction in cm- - 
bustion  efficiency  as  the  length was vasied caused inlet  velocity t o  
Increase and i n l e t   s t a t i c  pressure t o  decrease. However, if these  data 
are normalized t o  constant i n l e t   s t a t i c  pressure and velocIty condi- 
tions. by means of the parameter derived i n  the  present  study,  the straight 
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line  portion of the curve is s t i l l  obtained although the  slope is con- 
siderably  smaller  (fig . 13(a) ) . This same s o r t  of behavior is antici-  

be combustor length, s t a t i c  pressure,  temperature,  velocity, or flame 
speed. In other words, the conibustian efficiency  against combustor 
length cmve would be expected t o  change with changing conditions as 
sham in the curves in figures  13(b) t o  =(e),  with  the  actual c-ustor 
length LC giving  the change of canibustion efficiency w i t h  conditions 

- pated whether the  variable tend3n.g t o  change the conibustion efficiency 

n3 
Q, as would be  read from this  sequence of curves. 
% 

E the  conditions are such that the combustion efficiency for the 
given cauibustor is about 80 percent, and, if then one of these  conditions, 
f o r  example, flame  speed, is increased,  the  cmibustion  efficiency would 
increase  but no longer in the same proportion as in the lower efficiency 
range (f ig .   13(e)) .  

This s o r t  of behavior is probably  the  reason that  the ccslibustion 
efficiency  against  inlet parameter curve  decreases  rapidly in slope 

- beyond about  80-percent efficiency. 

t CONCLUDING REMARKS 

The resul ts  obtained in investigations with a  5-inch-dismeter ram- 
jet-type ccmibustor employing two flam holders (a straight V - g u t t e r  and 
a cone) +d homogeneous fuel-air  mixtures of four fuels  (gasoline, b o -  
pentane,  benzene, and propylene  oxide) are  slmmrsrized as follows: 

1. The majority of data indicated  that  the conbustian efficiency was 
relatively  insensitive to fuel-air   ra t io  over the  range of fuel-air   ra t ios  
Investigated. 

2. The data obtained w i t h  the V - g u t t e r  flame holder  using  gasoline 
and isopentane (which have approximately the 8- fundamental flame 
speed) were correlated  by  the  equation 

P O m 3  T 
vO. 8 % = 7.0 

where P is ccmibustor-Met s t a t i c  pressure in atmospheres, T is 
cmbustor-inlet temperature in degrees Rankine, V is  combustor-inlet 
velocity in feet  per second, and % is cabustion  efficiency in percent. 

3. The data on propylene oxide and benzene were a l s o  correlated  with 
th i s  same equation when it w a s  multiplied  by  the  ratio of the fundamental 
flame speeds of the fuels raised t o  the 1.1 power. For the  fuels  tested 
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where  u is the fundamental flame speed of the  reference  fuel (gaso- 
l ine) .  

f , g  

4.  A m e c h a n i s m  of flame propagation which yields  the same paremeter 
as that  empirically  derived is explained and has been s h m   t o  be con- 
s ls tent  with the  data as t o  both  variations in  inlet conditions of s t a t i c  
pressure,  temperature, and velocity, and t o  variations in fuels.  

5. The agplication of these  equations is indicated  to be limited  to 
efficiencies  not exceeding  about 80 percent;  the  reason fo r   t h i s  limita- 
tion is surmised t o  be a modification of flame propagation mechanism as 
the  propagating flame approaches the collibustor walls. 
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.OB91 

.0767 

.05S4 

.0493 

. O m  

.0578 

.0667 

.0480 

.0753 

.047S 

.OS75 

.0766 

.OB61 

.0623 

.0751 

.0496 

.Ea7 .QSn 

.m 

.MI85 

. o m  
-0744 
.0766 
.0711 
.087a 
.06S7' 

.0595 

.0354 

.0515 

. O M 6  

.0528 
-0978 
.OB65 
.07% 
.0772 
. 0 7 3  

682 

683 
Bas 

680 
679 

678 
E78 
678 
878 
678 

641 
678 

645 
645 
644 

642 
w 7  
635 
656 
656 . 

a52 
658 
8%0 
653 
664 

s'e 6 
686 
686 

756 
766 

766 

774 
760 

766 
760 

156 
752 

7S8 
747 

776 

776 

778 
177 

777 - 
776 

778 

779 
778 

780 

7la 
779 
770 
1BO 
7m 

779 

w e  
680 
6 8 2  
684 
686 "... . . . 

852 
653 
654 
636 
656 

6s7 
635 
852 

556 
6S7 

Bs4 
857 

831 
634 

828 

% S I  
604 
604 

m 
602 

587 
594 
595 
615 
617 

Bo5 
818 
635 
636 
6S1 

628 
641 
645 
7 10 
705 

697 
693 
127 
72s 
712 

695 
686 
692 
675 m 
728 

?I9 
72s 

7 w  
716 

709 

7L6 
f12 

719 

725 
722 

129 

752 
728 

no 

835 
628 
825 

621 
625 

.(Hz7 

.&11 

.0452 

.0414 .04m 

.ow0 

. O M 7  

.0430 .ma 

.OK18 

.0410 

. w 4  

.04U 

.Ml8 

.0420 .oc18 

. M16 

. o u 4  

,0412 
.0418 
. w e  
. O m  
-0407 

.wig 

.om 

sum 
-0476 
.arm . 

.0476 

.W15 
.. . . - "  I . . ... 4 

Inlet 
W l o C l t J  

(it/seo) 
V 

274 
mc m 
276 
276 

284 

277 
275 

251 
241 

w 
241 
187 
180 
296 

w4 
2PL 
T82 

288 
286 

36.6 
31.7 
s . 3  
37.2 
S6.6 

sa .a 
37.1 
57.9 

41.5 
46.5 

47 .O 
41.2 
46.7 
45.3 
u . 5  

47.2 
S8.l 
s9.4 

58.0 
40.7 

5 6 3  
42 .B 
u . 9  so. 2 
47 .a 

52.8 
53.0 

4s .7 
66 .O 

47.1 

49.4 
44.0 
48.5 

62.6 
65.1 

50.2 
52.9 

58.4 
58 .o 
67 .s 
58.9 
80.6 

69.4 
w .a 
52.1 

65.7 

53.6 
56.0 

55.8 
SL .S 

52.2 
53 .O 

51.6 
81 .O 
5.0 

SS.9 
63.1 
65.0 

55.2 
52.6 

44.0 
42.0 
48 .B 

48.4 
47.8 

. .. . . . .I .. . ., . . 

0." 

,0670 

.a88 

.0772 

. o m  

.07& 

.0778 

.0746 

.0171 
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cu 
d 
N 

. 

Dlet 
-tic 
reaauJ?m 

( A )  

0.75 
.75 
-75 
-75 
.75 

.'Is 

.76 

.75 

.76 
-75 

.76 
-75 

- 76 
.75 
.75 

"Is 
-75 
-75 
-75 - 75 
.75 
-75 

-75 
-75 

-75 

-7s 
-75 

1.00 
1.00 
1-00 

1.00 
1.00 

1.00 
1.00 
1-00 

1.00 
1.00 

1.00 
1 .00 
1.00. 
1.00 
1.03 
1.00 
1.00 

1.00 
1.00 

1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 . 

1.0 
1.00 
1.03 

1.00 
1-00 

1.00 
1.00 
1.00 
1.00 
1.00 

I .m 

rlm 
=a 

(1b/sec) 

1.89 
1.88 

1.89 
1.89 

1.89 

' 1.90 
' 1.69 
1.26 
1.28 
1.25 

1.25 
1.25 
1.25 
1.57 
1.57 

1.57 
1-67 
1.57 
1.57 
1.57 

1.5t 
1.57 

1.67 
1.57 

1.57 

1.57 
1.57 
1.60 
1.62 
1.95 

1.96 
1.96 

2.58 
2.58 
2.56 

2-15 
2.14 
2.14 
2.14, 
1-73 

1.75 
1-73 

1-44  
1-45 
1.10 

1.85 
1.64 
1.62 
1-62 
1.61 

1.98 
1.98 
2.02 
1-98 
1.98 

1.99 
1.98 
1-96 
2.60 
2.59 

2.58 
I .57 
1.57 
1.69 
1.61 

Fuel- 
n t i o  

f b  

0.0702 
.Mi47 
-0610 
.OW6 
.Om6 

-0512 
.a478 

.0716 

.m 

. O m  

.M78 

. o m  

.osB4 
-0566 

.0589 

. O S 7  

.OS34 
io665 
.ob65 

. o m  

.on4 

. O m  
-0726 
.OS75 
-0570 

.OS66 

.OS66 

.06lS 

-0570 
-0772 

;0666 
.ow8 
-0484 
.OS92 
.0684 

-0522 
.obU 
-0779 
-0461 
.Ob42 

-0805 
-0518 
-0548 
.M42 
.'X46 

.m 

.m7 

.OB17 .os57 

.Os28 

-0575 
m 5  .ox)3 
m 1  
.os87 

-073s 
-0788 
-0814 
. M 1  
.a536 

.os1 

. o w  

.0510 

.0513 

.os31 

682 
682 
E82 

m 700 

704 
704 
704 

707 

707 

m7 

760 

767 
755 

755 
760 

652 
662 

661 
683 
665 

665 
666 
665 
864 
684 

664 
664 
664 
657 
657 

659 
668 
688 
664 
690 

645 
649 
851 
626 
835 

828 
630 

634 
E55 
657 

6s7 
666 
658 
853 
653 

646 
647 

8S2 
847 

6E4 

662 
667 
615 
598 
629 

618 
805 
62s 
614 
807 

'112 

894 
719 
709 

702 

7n 
507 

899 

704 

no 
595 
5.59 
817 
616 em 
625 
62.5 
624 
616 
611 

807 
502 
589 
621 
617 

614 
625 
649 
681 
646 

0 -0473 

-0466 
. a 9  

-0485 
"2 

45.9 
42.3 
43.5 
44 .8 
44.4 

a.9 
44.1 
Q.4 
65.4 
64.9 

62.1 
63.7 
61.6 
52.8 
64.5 

53 -4 
65.1 
55.7 
60.6 
50.4 

E3 -5 
52.0 

62.9 
54.1 

51.9 

sS.9 
53.5 
75.6 
" 9  
85.1 

85.4 

47.1 
64.4 

47.6 
46 3 

58.7 
54.9 
81.5 
57.0 
66.5 

70-6 
88.0 
76.4 
74.8 
77.9 

71.5 
72.0 
70.3 
72.5 
71.1 

61.1 
61.1 
59.2 
61.6 
63.5 

64.8 
61.6 

62.6 
42.5 
u . 7  

45.8 

71 -4 
74.8 

87.8 
75.9 

O.oSc0 

.0524 

. O m  

-0442 

.O5oo 
-0490 

.os10 

-0495 

-0487 

0.0752 

.On4 

.o800 

.0845 

.o&u 

-0850 

"90 

-0785 

.0828 

- 
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TABLE I - COMBUSTION BFFICLKNCY DATA FOR V-OUT"ER FL4HB HOLDER IN 5-INCR RM-JET-TYPE COWBDSTOR WITH OMOLIIIE - C m t i r m e d  

1.00  
1 .OO 
1.00 
1 .00 
1 . 0  

1 .00  
1.00 
1.00 
1 .oo 
1.00  

1 .OO 
1.00 
1 .OO 
1 .a0 
1 .oo 

1.00 
1.00 

1 .OO 
1.00 
1.00 

1 .00  

1.00 
1 .00  

1.00 
1.00 

1.00 
1.00 
1 .00  
1 .00  
I .m 
1.00  
1.00 
1 .00  

1 .00  
1.00 

1.00 
1 .03  
1.W 
1 .00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1 .OO 
1.00 
1.00 

1 .oo 
1.00 
1.00 

1.00 
1.00 

1.00 
1 .OO 
1 .OO 
1.00  
1.00 

1 .00  
1 .00  
1 .00  
1 .00  

1 1.00 

Lir ?lar 
m, 

(lb/neo) 

1.68 
1.62 
1 .6s  
1.63 
1.58 

'1.89 
1.90 
1.91 
1.91 
1.91 

1.92 
1 .60  
1 .60  

L.70 
1 .61  

1 .44  . 
1.61  
1.64 
1.64 
1.64 

1.98 

2.00 
1.99 

2.00 
2.00 

2.00 
2.80 

2.60 
2.60 

2 .61  

1.5S 
1.52 

1.60 
1.73 
1.72  

, 1. ls 
1-76 
1.77 
1 .77  
1.77 

1.77 
1 .75  
1.73 
1 -74  
1.75 

1.76 
1 .78  

1 .77  
1.77 
1.77 

1.77 
1 .78  
1.78 

2.12 
1.76 

. 2.14 
2-15 
2.18 
2.20 
2.23 

e .20  
2.20 
2 . a  
2.20 
2.20 

0.0564 
A617 

: E 3  
.m 
. o s 1  

.06u .OB14 

.Om4 .m 

-0608 
.OS96 

.asw .oizs 

.m5 

.oan 

.m 
-0754 
-17 

-0581 

.me4 

.a628 

.0764 

.0788 

-0607 
. O U 7  

.a588 

. O S 4  

.om9 

.om1 

. m 5  

.OS59 

.0646 

.W62 

.07% 

. O W  .a549 

.a626 

.07W 

. 0 7 6  

.Om4 

. O x 3  .one 

.OB75 

.m2 

.obsi 

.o!iu 

. m o  

.0471 

.0891 

.0757 

.0726 

.me8 

.a519 

.0537 

.06B1 

.ow4 

.0761 

. O m  

.Om4 

. o m  -0770 

.om7 

.&9 

. mss 
. .  

- 

m 2  
695 
685 
695 
673 

6Bo 

660 
661 

6W 
661 

860 
658 

855 
865 

661 

7 8 5 . -  

no 
766 . 
769 

789 ' 

770 
769 
769 
769 
768 

768 
7 6 7  
767 
767 
78s 

776 
776 
n 7  
777 
776 

... 

64s 
637 

. a 6  
as7  

a38 

860 
8M) 
em 
6% 
6.20 

624 
gll 
W6 
SBS 
gls 

623 
616 
€as 
Bos 
3 9  

62I 
621 
614 
609 
602 

645 
6% 
669 
699 
-1 

686 
698 
7 l E  
707 
701 

699 

8%; 

7a5 
707 

no 
7l.S 
n 7  m 
722 

705 
702 
699 
695 
738 

??A 
7ZB 

T15 
tz? 
n u  
'x17 
703 

707 
m5 
7w - -. 

(lb/ou ft] 
P 

0.0617 

:x3 
.m 
.om5 

-0632 
-0629 
.062S 
.OS23 
.0626 

.om1 

.0611 

.ma 

.OB08 

.0632 

.Om6 
a863 - .ulsS .m .mu 
.a40 
.0646 .as52 
-0869 

.0638 

.om9 

.0646 

.0652 

.0659 

.OB18 

.ab05 

.OS94 

.0568 

. a 7 5  

.m 

.m .0655 

.Om6 
' .056S 
,0571 

.0566 .OS56 

.IS68 

.mr 

.os59 

.m56 .OS56 

.OS5  

.0553 

.05= 

.(I567 
-0511 
.OS71 
. O S 6  

.Ea2 

. o s  

.056s 

.os1 .0680 
I ._ 

69 -8 
72.6 

70.4 
72.8 

70.4 

64.2 
99.5 
57.8 
80-4 
61.4 

61.0 

69 -2  
67.4 
72.8 

m . 9  

73 .O 
m.4 
69 .9 
87.8 

73.2 

390 

57.6 

60.5 
80.3 

510c 

W .e 
57.1 

57.4 
40.6 
40.4 

70.7 
68.8 
70.6 
71.4 
71.6 

n.8 
73.5 
75.7 

74.9 
73.9 

m . 7  

n . 5  
71.1 

69 .E 
61.5 

61.7 
62.5 

57.6 
68.4 

57.7 

57.4 
59.3 
58.2 
80.2 

"".'X 
59.0 

NACA RM E52123 

man 
blmr-att 

f/l 

O.OuL0 

.0c95 

.0404 

.OslS 

. O m  

.0w0 

.0m5 

.0518 

.MSs 

Biuh 
blaf-rrrl 

f f  a 

- " 
0.0772 

.m 

.0772 

. o m  

.meu 

. w e 7  

.m06 

.oalo 

.0796 

.Ma 

. 
t 

. .  i L 

, 
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Enlet 
s t r u m  
pXtaUW 

P 
( a t 4  

1.00 
1 .oo 
3.00 
1.00 
1.00 

1.00 
1.50 
1-50 
1.50 
1.50 

1-50 
1.50 

130 
1.50 

1.50 ’ 

1.50 

1.50 
1.50 

1 .50 
1.50 

I .w 
1.50 
1.63 
1.50 
1.50 

1-50 

1-60 
1.x) 
1.50 

1.50 

1.50 
1.50 

1.50 
1.50 

1.50 
1-50 
1-50 
1.50 
1.50 

1 .x) 
1.50 
1.50 
1.50 

1-50 
1.50 
1.50 

1.50 
1.50 

1-50 
1.50 

1.50 
1.50 

1.50 

1.50 

2.00 
2.00 

2.00 
2.00 

2.00 
2.00 

2.00 
2.00 
2.00 

2.00 
2 .00 
2.00 
2.00 
2.00 

2.00 
2 .00 
2.00 
2.00 

2.00 
2.00 
2.00 

I .so 

I .so 

Alr f lw 
=a 

(lb/aac) 

2.m 
e a  
2.20 
220 
2.20 

2.20 

2.52 
2.52 

2.52 
2.58 

2-67 
2.58 
2.59 
2.58 
2.67 

2.64 
2.64 
2.64 
2.63 
2.64 

2.63 
2.23 
2.50 
2.63 
2-48 

2.91 

2.90 
2.30 

2.89 
2.89 

2.89 

2.94 
2.92 

2.95 
2.98 

2.97 

2.99 
2.99 

2.97 
2.93 

2.92 
3.67 
3.87 
3.87 
3.87 

5.87 
5 .87 
3-87 
3.87 
3.87 

3.84 
3.87 

3.87 
3.87 

3.87 

3.87 

3.48 
5.48 

r.48 
3 .CB 

3.31 
5.29 
3.29 

3.29 
3.23 

3.29 
9 -29 

4.l3 
4.13 

4.15 

4.15 

4.15 
4.15 

’ 4-14 
4 .I4 
4.14 
4.14 

-0496 

-0700 
.0812 

.os43 
-0497 

-0579 
-0631 

-0159 
.om4 

.0788 

.0498 

.0486 

.o500 

.OS49 

.0618 

-0515 .062l 
.OS70 
.072l 
.0769 

.0817 

.a809 

.07M 

.0706 

.0652 

.om8 
-0557 
.mil 
.O% 
.0664 

-0761 
.0492 
.0517 
. O S 8  
.0467 

.ou9 

.0456 

.0477 
-0495 
-0513 

. m 7  

.04= .&sb 

. u 7 7  

.0495 

. O m  

.&79 

.0518 

.a539 .m59 
-0% 
.0528 
. O W  
-0570 
“87 

.oras 
a464 

-0541 
.0471 

.0558 

776 

776 
776 

775 
776 

m 
776 

665 
668 
Mi9 

666 
665 
861 

665 
882 

665 
665 

666 
666 

666 

686 

780 
762 

760 
756 

6 74 
671 
880 
6 6 1  
683 

884 

660 
683 

677 
6 74 

670 

668 
669 

668 
674 

676 

870 
670 

6 70 
672 

672 
873 

674 
673 

674 

665 
666 
687 
689 
6 70 

670 
687 
663 
689 
891 

682 
685 
685 

88s 
689 

690 
692 
6 75 
674 
813 

823 
731 

632 
605 
622 

624 
614 

605 
608 

625 

621 

812 
617 

bo7 
604 

627 
716 
715 
708 
703 

629 

628 
a1 

625 
622 

617 
617 
818 
619 
621 

622 
624 
627 
623 
621 

615 
833 
632 
630 
635 

637 
636 
635 
655 
634 

827 
(rra 
633 
652 
631 

631 

6 U  
846 

644 
648 

640 

6 U  
6 U  

642 
642 

650 

858 
652 

833 
631 

672 
872 

Inlet 
density 

(lb/cu ft) 
P 

0 -0557 
-0554 
.0552 
-0549 .w 
.os44 
.W55 
.0971 
.0982 
.os58 

.ossa 

.os75 
-0964 

.OS86 

.0981 

.@as2 a949 

.0842 .@a52 

.os57 

-0967 

-0961 
.OS65 

.w7a 

.os77 

-0986 
.0982 

.0901 
-0979 

.m73 

.OS75 

. W U  

.w5l 

.0955 

.os48 
-0945 
.0446 
.os46 
“4a 
.os49 
.WE0 
-0957 .OS51 
.OgM 
.09M 

.a954 

.l233 .x225 

.l233 
-1215 

.us8 

.I236 

.I= 
-1234 
-1227 

-1222 
.I216 
.la4 
-1% 
-1258 

. .  - 
m a t  
relocity 

V 
(it/sec) 

285 
283 

ass 
287 
a89 

280 
189 
186 
la4 
182 

193 

190 
191 

201 
188 

197 
196 
lsc 
192 
192 

199 
l s 2  
215 
211 
207 

216 
2l5 
2 l6  
212 
212 

2lo 
w 
215 
w 
219 

218 
222 = 
219 
2 l 6  

213 
295 
292 
290 
292 

293 
29s 
293 
292 
292 

ZBT 
280 
292 
291 
291 

291 
204 
202 
a22 
205 

130 
182 

191 
Is2 

ls3 
194 
238 
236 
235 

235 
235 
234 
255 
232 
232 
232 

ma 

59.7 
60.9 
82.3 
61.3 
59.4 

56 .O 
-72.2 
76.2 
73 .O 
78.1 

72.1 

77.6 
76.2 

74-0 
72.8 

74.4 
758 

74.3 
74.3 
74.3 

75.0 

78.8 
82.6 
77.2 

82.5 

70.3 

70.1 
71.6 

15.8 
72.9 

71.2 

71.3 
71 .J 

7l.6 
69 .I 
70.7 
69.3 
66.9 
71.0 
68.9 

71.0 
46.4 
46.2 
49.7 
48.2 

48.0 
.49 -2 
48.9 
4s .9 
w . 4  

m.0 
82.3 
77.4 

82.6 
75.0 

7a.7 
80.5 
81.2 
83.1 
61.1 

76 -0 
74.5 
81.7 
67.1 
88.6 

67.4 
69.6 
w.0 
70 .O 
69.8 
70.6 
69.7 

ann 
,1a-Cut 

r/a 

0.0436 

-0474 

-0285 

-0463 

.0423 

“7 

-0475 

. O S  

.OU7 
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TABLE II - COMBuSTIOly ETFICIXXX DATA F(3W V-cwI"w FLAME HOLDER I N  B-MCH RAK-JET-TYPE 

Inlet 
static 
pressure  

P 
( a t d  

1.00 
1-00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1-00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Air flow Fue l - a i r  

'la (Ib/sec) 

ratio 

2.32 
2.31 

0.0571 

.ma 2.15 

.06m 2.70 

.O672 2.31 

.0620 

2.14 . o m  
2.13 . o a 9  
2.13 .0650 
2.12 . 07 10 
2.20 .0551 

2.17 .OS98 
2.14  ,0672 
2.12 
2.55 ,0528 

.07 33 

2.55 . 0565 

2.56 0592 . 
2.56 - -0629 
2.55 .OS98 
2.55 -0542 
1.69 .OS47 

1.69 .OS6 
1.68' . . O m  
1.6% .Om3 
1.68 . O n 4  
1.68 .07S5 

1.6% - .OS% 
1.60 * 

. o s 1  1.68 

.0510 

,0573 1.68 
.0722 1.68 
,0651  1.69 
-0606 1.60 

comusTQR WITH IscIpGNTAHE 

A i r  tenrpera- 
ture before 
fuel 

Tb 
(OR) 

538 
538 
538 
538 
5 z  

595 
590 
600 
603 
598 

599 
602 
605 
607 
607 

600 
608 

608 
683 

688 
685 
686 
688 
689 

690 
692 
693 
694 
694 
694 

6oa 

696 . 
. C. 

. .  

I " .  . 
50% 
506 
505 
506 
559 

558 
559 
560 
557 
564 

561 
560 
559 
512 
57 1 

57 0 
561 
SI0 
574 
642 

640 
637 
635 
632 
631 

648 
651 
650 
646 
643 
639 
654 

- 

0.0781 
.0784 
,07 86 
.0705 
-07 10 

.07I.l 

.07 10 

.0708 

.07 12 

.0705 

.07O7 

.0708 

.0710 
-0694 
.0695 

.0697 

.moo 

.06W 

.0692 

.0618 

-0620 
.0623 
.0625 
.062% 
.0629 

.06D 

. ow9  

.06ll 

.0615 

.0617 

.0621 
I .0610 

M e t  
veloclty 

V 

(ft/sec) 

2 13 
2I.l 
2 u  
247 
217 

216 
215 
2 I s  
213 
224 

220 
ZL6 
214 
263 
263 

263 
262 
2 62 
264 
196 

195 
193 

. 193 
192 
2.91 

196 
198 
197 
196 
19 6 
194 
197 

Conrbuetion 
efficiency 

% 
(percent)  

48.2 
44.7 
45.9 
36.4 
52.4 

53.3 
53.2 
52.1 
53.6 
51.5 

52.4 
50.5 
5s. 2 
42.5 
40.8 

40.5 
41.2 
41.8 
41.0 
67.8 

69.5 
66.9 
66.3 
68.2 
68.7 

69.3 
68.6 
70.9 
69.9 
67.6 
60.7 
70.3 

c 

. .. 



Fuel 

0.50 
.50 
..50 
-50 

-75 

-75 
.75 

-75 
.75 

.75 

.75 

.75 
1.00 

1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.50 

1.50 
1.50 
1.50 
2.00 
2.00 
2.00 

1-00 
1.00 
1.00 
1-00 
1.00 

I 

635 

830 
635 

615 
635 

650 

700 
835 

720 
700 

680 
655 
620 
620 
620 

720 
700 
705 
e45 
Q5 

620 

710 
635 

645 
662 
625 

505 

560 
506 

570 
6co 

275 
235 
245 

245 
225 

190 
280 

290 
284 

245 

185 
250 
175 
220 
285 

285 
220 

190 
183 

195 

215 
292 
205 

192 
202 

235 

2 n  
a 7  
215 

195 
263 

38.5 
46.5 
58.0 
43.0 
50.0 

44.2 
64.0 

52.0 
53. 4 
59.0 

69.7 
53.0 
71.8 

43.0 
61.0 

71.2 
59 -3 

76.0 
70.0 
74.5 

70.7 
48.5 

79.0 
83.0 

70.0 
82.0 

,36.4 
47.5 

55.0 
u. 4 
69 .O 

5.75 
6.53 
5.95 
6.78 
6.88 

8-70 
6.43 
6.98 
7.m 
7.82 

9.60 
7.24 lo.00 
8.31 
6.74 

7.82 
9 - 3 8  

lO.92 
9.71 
lo. 22 

n.00 
n.40 
n. 27 =.Bo 
9.74 

7.01 
6.14 
7.58 
6.59 
9 .41  

7.63 * 

40.2 

41.6 
45.7 

47.5 
48.2 

60.9 
45.0 
48.9 
49.4 
54.7 

61.2 
50.7 
70.0 
58.2 
47.2 

54.7 
65.7 
76.4 
68.0 
71.5 

77.0 

79.8 
53.4 

78.9 
62.6 
68-2 

49.1 
43.0 
53.1 
46.1 
65.9 

Inlet static 
ature pressure 
Inlet ternper- 

P 

(9) (at4  

T 

0.133 

.516 

.373 
610 .267 
6lo .20 
610 

. 610 
6Lo 

-667 610 
2.9 610 

Inlet 
velocity 

Ccmlbustion 
efficiency 

v 
(percent) (ft/sec) 

qb 

278 . 
266 
254 

43.4 
79 

3 T 
vo.8 

3.14 
3 -55 
4.02 

5.56 
5-15 

5.86 
9.9E 

1.7 
-.8 
3.6 
4.5 
-1.8 

-3.1 

-3.1 
-. 8 
-4.0 
-4.3 

-2.5 
-2.3 
-1.8 
-2.8 
4.2 

-4.6 
-5.5 

.c 
-2 .o 
-3.0 

4.9 
6.3 

-.2 
"1 

-1.8 
.6 

1.6 
6.6 
.1 

4.7 
-3.1 

17 
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TABLE V - COHBUSTIOU XFFICIBNCY DATA FOR CONE FLAbE HOIOLDW IN 5-INCH RAM-JET-TYPE COWJSTOR 

Oasoline 

Gasoline 

Oasollne 

Omolfne 

oasoline 

Oasollne 

oasoline 

(tmollne 

oaaoline 

CHmoline 

(fasoline 

Gaooline 

Ifsopenhe 

1.00 

1.a 
1.m 

.75 

. 75  

' .75 
.75 

' - 7 s  
1.00 
1-00 

1.00 
1.00 
1.25 
1.25 
1-25 
1.25 

1.25 
1.26 

1.00 
1 .Do 
1.03 
1.00 
1.00 

1.W 

1 .oo 
1.00 

.75 

.P5 

. 7 5  
-75  
. 7 5  
.76  .. 15 . 

.so .50 .50 

.50 .?a 

1 .oo 
.x) 

1 .oo 
1.00 
1.00 
1.00 ~ .. 
1 .m 
1.00 

WITH OASOLINZ AND ISOPEATANE 

865 
667 

",:g 
667 

669 
665 
660 
675 
671 

.669 
667 

6 h  
665 

671 

668 
-664 

660 
670 
666 

662 

664 
658 

665 
663 

660 
657 
656 

656 
654 

6 70 
765 
765 
767 
769 

772 
773 

765 
776 

759 

754 

749 
751 

768 
770 

767 
761 
759 
755 
750 

. 7 5 2  
750 

754 
785 
758 

738 
741 
7 2 7  

7 0 0  

706 
670 
668 
670 
658 

654 
574 
572  
588 

576 
574 

I 

n5 

577 
57 6 

- 
m e t  
reloow 
,! 

rt/oeo 

205 
199 

201 
189 

199 

L88 
198 

197 
2.53 
E l  

251 
248 
a57 
a2 
202 

201 
200 
199 
245 
241 

236 
P 4  

. 248 
251 
174 

1T3 
171 
171  
170 
174 

203 
175 

205 
w5 
206 

206 
XI7 
208 
me 
206 

205 
m4 
204 
253 
251 

252 
246 

247 
2% 

178 . 

1 7 8  

181 
1Bo 

178 
280 

267 
256 
253 
171 
171 

- 

In 
251 
254 
267 
252 

250 
193 
191 . 
l 9 i  

194 
195 

192 
192 . - 

0.0599 

-0527 
. O S 6  

- c a s  .os00 
.om0 
. 0 6 S  
-0689 
-0548 
. o s 9  

.0587 

.0640 

.D880 

..OS86 

.0612 

. o m  

.0662 

.OS25 

.0565 

.0610 

.0642 

-0693 
.OB68 

.Os78 

.0730 

I .os73 
-0556 

. O S 7  

.OS16 
-0479 
.06U 
.0657 

.0693 

.0728 
-0783 1 
.0559 
.0527 

.0801 

.0651 
-0679 
. 07 lp  
.a717 

.0860 . 

-0547 
.0643 

.O7W .a654 

.a545 

.05m 

.Om7 

..0673 
-0753 

.om? 

.m26 
-6563 
.0517 
.06S1 

m.4 
75 .9 

8 3 . 7  
82 .7  

78 .6  

77 .7  
75 .6  

69.8 
74.5 

69 -9  

68.4 
67 .0  
65.4 
77 .5  
79.4 

78.6 
75.7 

68.4 
73.4 

68.5 

69.8 
67.6 
68.4 

86.0 
69.5 

03.4 
81.0 
81.1 
80.1 
88.9 

so .1 

8B.0 
78.6 

87.4 
88.0 

88.3 
89.9 

62 .7  
88.6 

80.1 

78.9 

78 .8  
79.2 

78.1 
79.6 

75.9 
r2.4 

71 .6  
85.7 

8 3 . 9  

'91.6 
81.2 
6 3 . 3  

6s.i 
n , o  

80.1 

n.1 

m.8 

64.7 
80 .5  

61.5 
78 .5  

60.2 

59.2 
q .4 

- 
U c h  
Ilaw-ari 

r/a 

0.0755 

-0685 

.0729 

.0172 

.0815 

.08W 

. 07M 

.om2 

-0715  

.07So 

- 

" - . 

- ." 
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2642 I 
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7 3 
1 E 

N 
H 
N w 

88.5 
sm 18.3 
w 
180 

00.0 
88.6 

Ea 16.0 
8u 60.0 
m 
an 
175 

L . 0  
m . 3  

81.0 

680 
148 

1.00 
1.00 

1.B M e  

1.Q) 

o m  

.Bo 

.89 .Ea 

.Bp 

.es .e4 

.M 

.Bo < a Q  

.ea 

.w .Bo .e4 

.W 

.m 

.BB 

.m 

.Ea 

.a 

- 

1.05 
1.05 
1.a 
1-05 
1.w 
1.l-d 
1.06 
I.@ 
1.W 
1.m 
1.m 

1.m 
1.80 

1.58 
1.68 

1.50 
1.S 
1.59 

1.0 
1.m 
- 

I 

" 

868 I . a u p I l a e  
--- I --- I " 



. . .  
. . . . . . . . .  . . . .  

665 
865 

, j: . 
c: 1 :  i f 

' .  
. . . . . .  . . . . . . .  . . . . . . . . . .  . .  - . .  

N 
0 

I 



" . . .  . .. 

2642 

I 
E 

I- 
E 

12" 

t 

Ur temperature Inlet tampmature 
miore fuel 

Inlet prees", 
Variable--a 

I 



22 - . . PJACA RM E52123 

0 628-637 
n 594-595 

40 

0 (a> Inlet   s ta t ic   pressure,  0.5 atmosphere. 

I n l e t  
temperature  velocity 

(ft/sec) - 
d 

€! 
d 7E 60 

rlro 
04 

62 6 -635 189-191 
625 -6425 271-295- 
647 -667 241-257 

I IO 

T 

Fuel-sir ratio 

(b) 1 n l e t . s t a t i c  pressure, 0.75 atmoephere; i n l e t  t@mperatUre, 
625O-667' R. 

Figure 2. - Conibustion eff iclency dak for V-gutter flame holder 
i n  5-inch ram-jet-type combustor with gasoline for five inlet 
pressures  with varying velocit ies an8 temperatures. - 
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- 
0 (c) Inlet  static  pressure, 0.75 atmosphere; inlet temperature, k 

24 80 
aJ 675'-732' R. 

5 
aJ 
4 
0 
rl 

c 

2 70 
Q) 

c 
0 
4 u : 

60 
0 u 

50 

0 0 
A 0 
v 

40 0 0 Inlet Inlet 
temperature veloclt ' 

0 
O 590-620 175-193 - 

599-650 214-228 
30 0 60,2425 . 284-292 

- 
.04 .05 06 -07 .08 .09 

Fuel-air ratio 

(a) Inlet  static  pressure, 1.0 atmgsphere;  inlet  temperature, 
590'-650 R.  

- Figure 2. - Continued. Combustion efficiency data for V-gutter 
flame holder In 5-inch ram-jet-type combustor with gasoline for 
f ive  inlet pressures with varying  velocities and temperatures. - 
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70 

c, 

u 
g 
k 
8 -  -. 60 
0 
rl u 

E al 
8 5 0  
rl 

. . 
I . . .  

3 (e)  Inlet  static  peesure, 1.0 atmoepherei inlet temperature, 686u-7380 R .  
- - . . 

. .. 

Puel-air  r a t i o  

(f) 1-t static pressure, 1.5 atWSghereSJ inlet  velocity, 188-201 feet ger 
second; M e t  temperature, 605'-627' R. 

Figure 2. - ContLnued.  Combuetion efficiency data for V-gutter flame holder 
in 5-Inch ram-jet-type coninustor with gaeollne f o r  f i v e  inlet pressures 
with varying velocities and temperatures. 
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.os 06 .08 .# 
Fuel-air ratio 

(h) Inlet  static pressure, 2.0 atmospheres. 

Figure 2. - Concluded. Carbustion efficiency data for V-gutter flame holder 
in 5-inch ram- jet-type conibustar with gsEloline for f i v e  inlet pressures 
with vary-hg velocities and tempratures. 
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I I I 

Inlet  Inlet 
temperature velocity 

89 ( W  (ft/sec) 

0 550-564 213-224 
D 567-574 262  -264 
O 631-650 191-198 

40 1 1 I J- "- 

05 06 07 08 
Fuel-air   ratio 

Figure 3. - Cattibustion efficiency data for V-gutter 
flame holder in 5-inch ram-jet-type codoustor with 
isopentane at three inlet air velocities. Inlet 
static pressure, 1 atmosphere. 



. . .  

Preasurc, atm 

Hwra 4. - Erfeot of inlmt s ta t io  pressure ~1 o a b u s t i m  e f f l o l e m ~  fm 
V-gutter flme holdmr i n  5-inOh rsr-Jet-- ombuntor at eqululvalenoe 
ra t io  of 1.0. 

Figure 5. - ECteot of tamperamre on o m -  

holder i n  5-inch r s r - j e t t w  ccmbustm 
a t  equivalence ra t io  of 1.0.  

inlstial erflaierroy far V-gutter f1hm.B 
Figure 6 .  - Effeot of velocity on oambustion ernoianoy 
tor V-gutter flama holder I n  E-inoh ram-jet-tme a m -  
bustar  nt equlvalanoe ratio of 1.0. 
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4 6 8 10 
Po'3 T 
yo-8 

Correlation parameter, 
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2642 

temperature velocity 

0 654-670  250-257 

I I 0 864-674 237-253 I I 
0 755-770 246-253 

660-671 199-202 

A 735-760 178-I01 



30 

. 

- NACA RM E52323 

I 

Inlet  Inlet Fuel 
temperature velocity 

100 (OR) (ft/sec) 

0 570-577 191-194 Bopentane 
0 749-765 203-209 Gssoline 
0 660-673 197 -203 G a O l F n e  
A 658-670 234-251 G8SOline 

(a) Inlet static pressure, 1.25 abospheres;  inlet  velocity, 
170-175  feet per second; inlet temperature, 654O-67Oo R; 
fuel, gasoline. 

Figure 8. - Concluded. Canibustion efficiency data for cone flame 
holder in 5-inch ram-jet-type conhuetor with gasoline and 
isopentane for fou r  pressures. 
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I I I I I 
Fuel 

- 

0 
- 0  

0 
A 

100- v 

80 

60 

40 
4 

Gasoline 0.50 
G r r S O l i n e  .75 
Gasoline 1.0 
W S O l b  1.25 
Isopentane 1.0 

6 8 10 

Correlation parameter, POg3 T 
VO-8 

2 

Figure 9. - Correlation of conbustion  efficiency for 
cone fLame holder in 5-inch ram- jet-type codustor  
with nasoline and isopentane. 
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0.69  550-605 - 69  583-643  215-267 
I .33 574-618  245-268 I I I I 

u N 

1 
. w  
crl 



. .  

I 

0 639-670 
0 654-680 

. 9  1.0 1.1 1.2 1.3 
Equivalence ratio 

(b) Benzene; inlet s t a t i c  presaure, 0.69 atmosphere. 

" c 

, 
. . . .  . . . . . . . . .. 
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L 

. 

* 

Correlation parameter, 

Figure 12. - Correlation of conbustion d f l c l e n c y  for V-gutter flame holder i n  5-inch 
ram-jet-type  combustor ath gasoline, Uopentane,  Rntane,  benzene, and propylene 
oxide. w cn 

. .  . .  
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I 
I I 

5 10 15 

100 - Inlet 

I I 

- Inlet 

(a) V e h i t y  variation. (e) Fundarental f l 8 m  speed 

T, 660' R; V, l60 ft/sec.) 
variation. (P, 2/3 atm; 

Uf, 1.4 =/P.M.) 
(P, 1 ab;  T, 710° R; 

Figm'e Is. - 8- typical cmbwtion  efficleocy againrrt  colPhuetor length curves. 
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